anglion cysts are mucinous tumours that usually arise from underlying joint capsules or tendon sheaths, and are the most common soft tissue masses of the hand (1). Their pathogenesis remains controversial. The extracapsular part of the dorsal ganglia is well known, but little is known about the intracapsular component and its etiology. While a great deal of information exists for adult hand and wrist ganglia, there is a paucity of data for the pediatric population. Although they commonly occur as benign lesions in adults, ganglia of the hand and wrist are much less common in children. The exact incidence is uncertain, but Nelson et al (1) reported on a series of 543 hand and wrist ganglia. Approximately 10% occurred in patients younger than 20 years of age, and less than 2% were in patients younger than 10 years of age. However, the incidence of ganglia in children is probably underestimated because their presence is usually painless and does not interfere with function; therefore, they may not be brought to the attention of a physician.
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Pediatric hand and wrist ganglia seem to have different epidemiological characteristics than those of adults -a majority are found on the volar aspect of the hand and wrist in patients younger than 10 years of age (2) .
Studies regarding the treatment of hand ganglia in children have generally shown increased rates of recurrence with aspiration or surgery when compared with adults who have undergone similar treatment. Recurrence rates of up to 43% with various puncture techniques (3), including aspiration, and 35% following surgical excision have been reported (2) . Only a few studies have examined the treatment of pediatric ganglia through observation: MacCollum (4) found a 64% spontaneous resolution rate in a series that included only dorsal wrist ganglia (gathered from several centres), and Rosson and Walker (5), whose study included patients 15 years of age or younger, reported a 76% resolution rate in a series that included foot ganglia.
The objectives of the present study were to determine the most common sites of pediatric ganglia occurrence and the most effective method of treatment.
patients and Methods
The records of the pathology department at The Hospital for Sick Children (Toronto, Ontario) were retrospectively searched for all cases of ganglion cyst surgically treated between January 2000 and oRiGinal aRticle ©2011 Pulsus Group Inc. All rights reserved baCKGRound: Pediatric hand and wrist ganglia seem to have different epidemiological characteristics than those of adults -a majority are found on the volar aspect of the hands and wrists of patients younger than 10 years of age. obJeCtive: To determine the epidemiology, etiological factors, clinical presentation, treatment and outcome of patients with ganglion cysts at The Hospital for Sick Children (Toronto, Ontario). Methods: The records of the pathology department at The Hospital for Sick Children were searched for all cases of ganglion cyst operated on between January 2000 and December 2008. Results: Thirty-seven patients underwent treatment for symptomatic ganglion cyst. The mean age of the patients was 9.6 years, and there were 23 females. A mobile nodule was the initial presentation of the ganglion in 64% of the cases. Pain was the most common indication for surgical removal. Only 11.4% of patients experienced previous trauma. In 70% of the cases, the diagnosis was made clinically. The most common sites of occurrence were volar wrist (25.7%), dorsal wrist (22.8%) and the volar aspect of the base of the ring finger (17.1%). Surgical excision was the treatment of choice for 94.2% of the patients with symptomatic lesions. The minimum follow-up period was 12 months. Only one patient (2.8%) presented with recurrence in the series. ConClusion: Although it is possible that these findings might change with longer follow-up, the present data provide information to help guide the treatment of these cysts. Complete surgical removal is a very effective treatment, with low rates of recurrence. 
Results
Thirty-seven patients underwent treatment for symptomatic ganglion cyst. Surgical excision was the treatment of choice for 94.2% of patients with symptomatic lesions. The remaining two patients had their cysts aspirated. The following results represent patients who were surgically treated. The mean age of the patients was 9.6 years, ranging from five months to 17 years of age, with 17 of 35 patients 10 years of age or younger. There were 23 females and 12 males. A solid mass was the initial presentation of the ganglion in 43% of cases, while 57% presented with a mobile nodule. Pain was the most common indication for surgical removal. Other indications for surgery included swelling, increase of size and limitation of function. Only 11.4% of the patients reported previous trauma. In 70% of the cases, the diagnosis was only made clinically. In the remaining cases, x-ray or ultrasound were added to the investigation, based on location and symptoms. The right side was affected in 61% of cases. The most common sites of occurrence were volar wrist (25.7%), dorsal wrist (22.8%) and the volar aspect of the base of the ring finger (17.1%) (Figures 1 and 2) .
The minimum follow-up period was 12 months. Only one surgically treated patient (2.8%) presented with recurrence in the present series. Complications occurred in three (8.5%) cases. In two cases, a segment of the radial artery was removed with the volar ganglion cyst. One patient presented with a giant cell reaction (foreign body).
disCussion
A ganglion is defined as a cystic swelling connected to the joint capsule or tendon sheaths and containing thick gel-like material. Macroscopically, the main cyst, which may be single or multiloculated, usually appears smooth, white and translucent. Microscopically, the wall is composed of compressed collagen fibres and is sparsely lined with flattened cells, without evidence of an epithelial or synovial lining (6) . The capsular attachment of the main cyst reveals mucinfilled 'clefts', which have been shown by serial sections to intercommunicate; thereby, forming a tortuous and continuous duct connecting the main cyst with the adjacent underlying joint (6) . The content of the cyst is characterized by a highly viscous, clear mucin composed of glucosamine, albumin, globulin and high concentrations of hyaluronic acid (6) .
Determining the true incidence of ganglia in children is difficult because they are frequently unreported, often are asymptomatic and usually do not cause functional deficiency. They may also be treated with observation alone by primary care practitioners and not be seen at a tertiary centre. Furthermore, some ganglia resolve spontaneously without medical intervention.
There have been few reports of hand and wrist ganglia in children. The behaviour of these cysts in young children seems to differ from adults. In adults, dorsal wrist ganglia comprise 60% to 70% of all hand and wrist cysts, followed by volar ganglia (18% to 20%) and retinacular cysts (10% to 12%) (7) . In children, the distribution pattern has not been documented as clearly. Satku and Ganesh (2) reported on a series of surgically treated hand and wrist cysts in children 15 years of age or younger; in older children (older than 10 years of age), the distribution pattern was similar to adults. However, in children younger than 10 years of age, volar cysts (77%) were seen more commonly than dorsal cysts (14%), and there were few retinacular cysts (9%). Colon and Upton (8) reported on a series of surgically treated hand masses in children 17 years of age or younger. Their study found slightly more dorsal ganglia (61%) than volar ganglia (39%) (in mostly older teenage patients), but the vast majority of retinacular cysts (83%) occurred in children younger than three years of age. Coffey et al (9) reported on 1629 patients treated for hand and wrist ganglia during a three-year period. Of these, 48 patients were children 12 years of age or younger (31 girls and 17 boys; ratio of 1.8:1), with an average age at presentation of 7.2 years. There were 22 (45%) dorsal and 27 (55%) volar hand and wrist ganglia. In the present study, we found slightly more volar (25.7%) than dorsal ganglia. However, this may be because volar cysts are more symptomatic than dorsal cyst, and more often involve surgical treatment. In our children 10 years of age or younger, 35% had volar ganglia. The majority of retinacular cysts (67%) occurred in children 10 years of age or younger.
A female prevalence has been noted in many studies of adult ganglia: women are up to three times more likely to be affected than men (10) . A similar sex bias has also been seen in the pediatric population: the proportion of affected females to males has been reported to range from 1.6:1 (3) to 4:1 (2). Wang and Hutchinson (11) also reported a female to male ratio of 4.7:1. The 1.9:1 ratio found in our study also supports these findings.
Although there is no general consensus regarding the best treatment for pediatric ganglia, most prefer observation and splinting, with Wang and Hutchinson (11) reporting 79% resolution. Treatment of ganglia in adults often includes aspiration of the cyst. Cure rates after aspiration reported for dorsal cysts range from 13% (12) to 85% (13) . Aspiration has not been generally recommended in treating volar cysts because of the potential for neurovascular injury and because the recurrence rate of volar ganglia after aspiration is higher than that of dorsal cysts (57% to 83%) (12) . Aspiration and other similar cyst puncture treatments have also been performed in children, with mostly unfavourable results. MacKinnon and Azmy (3) reviewed 32 patients younger than 14 years of age with wrist ganglia treated using aspiration, puncture or indwelling suture, and found a recurrence rate of 43%. Colon and Upton (8) reported only a 20% success rate with aspiration of dorsal and volar ganglia, and a less than 20% success rate with aspiration of retinacular cysts. Aspiration was performed in only 6% of our patients. We found it Figure 2 ) Distribution of ganglion cysts that were surgically treated in children 10 years of age or younger Figure 1 ) Sites of occurrence of ganglion cysts that were surgically treated in children and adolescents 18 years of age or younger very difficult to aspirate ganglia in younger children in the office. Surgical excision was the treatment of choice in 94% of our symptomatic patients.
Surgical excision of wrist ganglia has been reported to have the best success rates in terms of recurrence; in 1976, Angelides and Wallace (14) reported a 99% success rate. Complications of surgery include wound-healing complications, such as infection, neuroma or keloid formation, and the presence of a scar. Other reported complications include scapholunate dissociation, joint stiffness, damage to the terminal branches of the posterior interosseous nerve, and decreased grip strength along with the risks associated with the use of general anaesthesia and upper limb tourniquet (15) . We had a complication rate of 8.5%. In two cases, a segment of the radial artery was removed with the volar ganglion cyst, and one patient presented with a giant cell reaction (foreign body).
The reported recurrence rate of ganglia after surgery is quite high. Barnes et al (16) stated that in most reviews, the recurrence rate was approximately 40%. Zachariae and Vibe-Hansen (17) reported a recurrence rate of 34% in a series of 347 patients who were operated on in a well-established hand clinic. These recurrence rates were comparable with other modes of therapy such as crushing, aspiration and injection (16) . Our minimum follow-up period was 12 months. There was one recurrence in the present series (2.8%) in patients undergoing surgical treatment.
Although it is possible that these findings will change with longer follow-up, our data provide useful information to help guide treatment of these symptomatic cysts in children. In the case of an unresolved cyst, the risks and benefits of continued observation versus surgery, including recurrence rates and potential complications, should be discussed with the patients or their families.
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